Inhibition of CDK5 is protective in necrotic and apoptotic paradigms of neuronal cell death and prevents mitochondrial dysfunction.
Previous studies suggested that pro-apoptotic stimuli may trigger a fatal reactivation of cell cycle elements in postmitotic neurons. Supporting this hypothesis, small molecule inhibitors of cyclin-dependent kinases (CDKs), which are known primarily as cell cycle regulators, are neuroprotective. However, available CDK inhibitors cannot discriminate between the different members of the CDK family and inhibit also CDK5, which is not involved in cell cycle control. Testing a new class of CDK inhibitors, we find that inhibitory activity against CDK5, but not cell cycle-relevant CDKs, confers neuroprotection. Moreover, we demonstrate that cleavage of the CDK5 activator protein p35 to p25 is associated with CDK5 overactivation after focal cerebral ischemia, but not in other models used in this study. We find that blocking CDK5 activity, but not caspase inhibition, protects mitochondrial integrity of lesioned neurons. Thus, in our models, CDK5, rather than cell cycle-relevant CDKs, activates neuronal cell death pathways upstream of mitochondrial dysfunction, and inhibition of CDK5 may promote functional long-term rescue of injured neurons. Moreover, we present the first CDK5-selective small molecule inhibitor, lacking unwanted cytostatic effects due to cross-inhibition of mitotic CDKs.